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Detection and evaluation of aortic root and other car-
diovascular abnormalities in patients with Marfan's syn-
drome are important in determining appropriate ther-
apy and preventing premature mortality. To evaluate
the role of nuclear magnetic resonance imaging (NMR)
in this syndrome, 10 patients were evaluated using a
0.35 tesla commercial nuclear magnetic resonance im-
aging system. Findings from these studies were com-
pared with data from other noninvasive tests as well as
Nuclear magnetic resonance (NMR) imaging is becoming
established as an important modality for the noninvasive
evaluation of the great vessels in the chest. Its applicability
has been demonstrated in patients with congenital heart dis-
ease involving the aorta or pulmonary vessels (I), aortic
dissection (2) and aortic aneurysm (3). Patients with Mar-
fan's syndrome often develop a proximal aortic aneurysm
that may dissect, rupture or cause valvular incompetence
(4). Because the degree of aortic root dilation may in itself
mandate surgical intervention (5), it is important to measure
accurately and follow aortic root dimensions in patients with
Marfan's syndrome. Given the limitations of current pro-
cedures, we examined the efficacy of nuclear magnetic res-
onance imaging in 10 patients with known or suspected
aortic root dilation. The findings of the NMR studies were
compared with other noninvasive data from M-mode and
two-dimensional echocardiography and computed tomog-
raphy, as well as surgical data when available. The purpose
of this report is to present the results of these findings and
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surgical follow-up. Results from these examinations in-
dicate that NMR-derived measurements of aortic root
diameter agree closely with echocardiographic mea-
surements. In addition, NMR provides more complete
anatomic detail than does echocardiography and can be
utilized to assessand follow up virtually all patients with
this syndrome.
(J Am Coil CardioI1987;9:70-4)
assess the feasibility, accuracy, advantages and limitations
of NMR imaging in this evaluation.
Methods
Study patients. Ten patients with Marfan's syndrome
ranging in age from 7 to 39 years were evaluated by nuclear
magnetic resonance (NMR) imaging. Patients were referred
for further evaluation of previously documented aortic di-
lation as established by other noninvasive tests or as part
of routine evaluation of relatives of a proband who them-
selves had physical signs of the syndrome.
NMR imaging. NMR scans were performed on a com-
mercial 0.35 tesla system in orthogonal transaxial, coronal
and sagittal planes using spin echo sequences. The repetition
time (TR) was established by gating to the patient's elec-
trocardiogram and ranged from 620 to 1,090 ms. The echo
time (TE) was either 28 or 30 ms. The scans were then read
by two observers without knowledge of previous tests. Par-
ticular attention was paid to measurement of the maximal
aortic root diameter at the level of the aortic valve cusps in
the transaxial view. The transverse diameter of the ascend-
ing aorta was also measured in the coronal views at its
maximal diameter (Fig. I). All measurements were obtained
from leading edge to leading edge using commercial NMR
imager software. The mean of the two observers' aortic root
measurements was used in analysis. In any case of signif-
icant disagreement, the two observers read the scan con-
currently and agreed on common measurements and inter-
pretation. The accuracy and reproducibility of this method
were verified using a custom phantom and were found to
0735-1097/87/$3.50
Figure 2. Aortic root diameters determined by transaxial NMR
images agree closely with echocardiographic (ECHO) measure-
ments.
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Figure 1. Measurements of aortic root diameter made in transaxial
and coronal images. The angulated line shows the maximal cross-
sectional diameter in this coronal section. The horizontal line
demonstrates the aortic cross section seen with a transaxial view.
Ao = aorta; Iv =, left ventricle; pa = pulmonary artery.
be within 1mmover the rangeof diameters measured. Other
abnormalities were noted, including deformity of the aorta
distal to the proximal segment, any signs of aortic dissec-
tion, abnormalities in other vascular structures in the chest
and morphologic features of the cardiac chambers such as
ventricular enlargement or hypertrophy.
The results of these NMR scans were then compared
with the maximal aortic root diameterdetermined from two-
dimensional echocardiography within 7 days in all 10 pa-
tients. Echocardiographic measurements were performed using
parasternal long-axis viewsand, as withNMRimages, mea-
sured from leading edge to leading edge. Computed to-
mographic scanswereobtainedin twopatientsand the aortic
measurements were made using imager software in the
transaxial view corresponding to the NMR plane. Cardiac
catheterization was performed in four patientsfor evaluation
of aortic regurgitation, aortic morphology and presence of
dissection and these data were compared with the NMRand
Table 1. Summary of Evaluation of 10 Patients With Marfan's Syndrome
Aortic Root Diameter (em)
NMR Scan
Age (yr)
Patient &sex Transaxial Coronal Echo
39 F 6.5 6.3 6.4
2 15 M 4.8 4.5 4.8
3 I7F 3.2 3.4 3.3
4 II F 3.5 3.5 3.6
5 '1M 2.5 3.2 2.2
6 21 M 7.3 7.0 6.7
7 19 F 4.0 5.0 4.5
8 24 M 8.0 8.7 7.3
9 31 M 5.0 6.0 4.8
10 26 M 7.5 7.5 7.6
CT
6.5
8.0
Cath Findings
Ao root 6.3 em, 2+ AR,
no dissection
Aberrant right subclavian A,
no dissection
Ao root 7.8 em, 3+ AR,
coarctation,* no
dissection
Ao root 6.4 em, 3+ AR,
no dissection
Surgery
AVR, Ao root graft
AVR, Ao root graft
AVR, Ao root graft
"Coarctation was also detected on the NMR sagittal and transaxial images. A = artery; Ao = aortic; AR = aortic regurgitation; AVR = aortic
valve replacement, Cath = cardiac catheterization; CT = computed tomographic; Echo = echocardiographic; NMR = nuclear magnetic resonance.
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echocardiographic evaluations. Surgical follow-up was
available in three patients.
Results
Aortic root diameter. Diagnostic scans were obtained
in all patients and the findings are shown in Table I, along
with results of other noninvasive tests and subsequent sur-
gical follow-up. Figure 2 shows that the aortic root diameters
obtained from transaxial nuclear magnetic resonance (NMR)
images agree closely with those from two-dimensional echo-
cardiograms (r = 0.99) despite the potential error that can
Figure 3. A, Representative transaxial view demonstrating the
anatomic detail in anuloaortic ectasia. B, Sagittal section dem-
onstrating the pear-shaped deformityof the aorta (ao) in a patient
with anuloaortic ectasia.
A
B
Figure 4. The residual stenosis of a prior repair of a coarctation
of the aorta is seen (arrow) in this sagittal view.
be introduced by using measurements that may not be or-
thogonal to the axis of the aorta. Measurements of aortic
diameter using coronal images did not significantly differ
from those derived from transaxial views in 8 of 10 patients;
however, in 2 patients (Patients 7 and 9), the coronal mea-
surement was I ern greater than the transaxial measurement.
Figure 3 shows transaxial and sagittal scans with the pear-
shaped dilation typical of anuloaortic ectasia.
Aorta and its branches. In addition to aortic measure-
ments, other data were obtained from these NMR scans.
Coronal and sagittal scans showed the entire course of the
aorta and any abnormalities of the arch, descending aorta
and associated vessels. Figure 4 demonstrates a sagittal view
in a 24 year old man (Patient 8) who had repair of a coarc-
tation of the aorta at age 6; it shows a stenosis in the de-
scending aorta at the site of the prior surgery. NMR imaging
also demonstrated an enlarged right internal mammary ar-
tery in this patient; both findings were confirmed at cardiac
catheterization.
Left ventricular measurements. Evaluation of left ven-
tricular size and wall thickness showed enlargement and
hypertrophy in three patients. These abnormalities were also
seen on echocardiography, although NMR scanning more
completely delineated the wall thickness throughout the left
ventricle.
Dissection. Patients with anuloaortic ectasia are prone
to aortic dissection; therefore, in interpreting the NMR scans,
particular attention was paid to any signs that would suggest
dissection. No such evidence was found on the NMR im-
ages, echocardiograms or computed tomographic images
(two patients), at surgery (three patients) or at morphologic
examination of the removed aortic tissues (three patients).
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Discussion
Noninvasive diagnostic methods in Marfan's syn-
drome. Cardiovascular lesions, priinarilyaorticdissection,
rupture and regurgitation, are the major cause of premature
death in patients with Marfan's syndrome (6), with the av-
erage life expectancy of such patients being approximately
half thatof normal(7). It has beendemonstratedthat surgical
intervention can improve survival (8) and that early inter-
vention based on the degree of aortic root dilation may
prevent disability and death (5). Therefore, the ability to
detect and quantify cardiovascular abnormalities noninva-
sively in patients with Marfan's syndrome should aid in
developing appropriate treatment. To this end, echocardi-
ography has been used for screening and follow-up in pa-
tients with aortic: disease (9), and computed tomography has
shownutility in thedetectionof aorticdilationanddissection
(10). However, each of these techniques is restricted in its
scope and applicability . Echocardiography is only able to
view limited anatomic regions and is technically unsatis-
factory in approximately 5% of patients with the Marfan's
syndrome and pectus deformity (6). Computed tomography
has relatively poor resolution in nontransaxial planes, re-
quires the use of contrast medium and is also associated
with the use of ionizing radiation .
Role and advantages of NMR. Nuclear magnetic res-
onance (NMR) imaging, as demonstrated here, is a tech-
nique well suited to defining the abnormalities seen iii pa-
tients with Marfan's syndrome. The low signal intensity of
flowing blood in vessel lumens creates natural contrast that
defines vascularstructures and allows assessmentof luminal
dimensions and gross wall anatomy. As shown previously
in a general population (11), the accuracy of NMR deter-
minations of aortic root diameter in patients with Marfan's
syndrome is equivalent to that of two-dimensional echo-
cardiography. Utilization of coronal scans with NMR is
probably even more accurate than other techniques because
the maximal diameter of the aorta can be measured with
less error introduced by beamor planeangulation. However,
if the course of the aorta is distorted, then coronal planes
may also be inaccurate and, in this situation, oblique planes
may be required.
NMR imaging also enables visualization of structures in
multiple planes over the entire thorax and can disclose the
extent of aortic disease as well as the presence and nature
of reported associated lesions, such as coarctation of the
aorta (12), pulmonary artery aneurysms (13) and patent
ductus arteriosus (14). This is well illustrated by Case 8, in
which NMR imaging, but not echocardiography or com-
puted tomography,delineated the extent of residual stenosis
from prior corrective surgery for coarctation. More impor-
tantly, some studies have found a significant proportion of
patients with Marfan's syndrome with associated aneurysm
or dissection in the descending and abdominal aorta (8).
Detection of disease in these regions without the need for
angiography should aid the physician in planning appro-
priate surgical therapy.
The NMR diagnosis of aortic dissection has been shown
to be fea sible in prior studies (15). The contrastof normally
flowing blood with the increased signal flow allows iden-
tification of the false lumen, and the intimal flap is seen as
a linearstructure of mediumintensity separatingthe lumens.
The absence of aortic dissection determined by NMR im-
aging in our patients was confirmed by standard studies.
While the sensitivity and specificity of NMR scans in di-
agnosing aortic dissection are not yet established, serial
scanning of patients with Marfan's syndrome may allow
early and accurate detection ofintimal tears and dissection.
Repeated follow-up is especially important in pregnant pa-
tients who have an apparently increased risk of vascular
rupture during and shortly after pregnancy (6).
NMR imaging also provides cardiac anatomic informa-
tion. with the ability to measure wall thickness (16), ven-
tricular volumes (17) and segmental and global function'
(18). Therefore, in patients withMarfan 's syndrome, it en-
ables accurate noninvasive .evaluation of aortic dimensions
and contour and can demonstrate associated abnormalities
of the great vesselsas well as cardiac morphologic features.
Conclusions. We have shown that NMR imaging is a
useful and accurate method for evaluatingand following up
patients with Marfan's syndrome. It has the advantages of
beingnoninvasive, providingsubstantial anatomicdetailand
being applicable to nearly all patients. It is anticipated that
with expected improvements in image acquisition and sub-
sequent decrease in imaging time and cost, it will become
an important method for imaging the proximal aorta in pa-
tients with Marfari's syndrome.
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